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Experimental Approaches for Exposure
to Sized Glass Fibers
by David M. Bernstein,*t Robert T. Drew,* and
Marvin Kuschnert
Anumberofstudieshaveshownthatglassfibersinducebothmalignantmesotheliomaandfibrosisinrats
andthat thesereactions may be primarily afunction ofthe physical propertiesofthefiber. However, these
studies were carried out with fibers having broad size distributions and used methods of administration
which bear little resemblance to the way man is exposed.
To bettercharacterize the health effects ofglassfibers, techniques have been developed to expose ratsto
glass fibers of defined sizes by intratracheal instillation of aqueous suspensions and by "nose only"
inhalation exposure, and to determine the deposition, translocation, and ultimatefate ofthesefibersin the
rat. The fibers have known size distributions with geometric mean diameters of 1.5 ,um ((r, = 1.1) and
lengths of either 5 ,um (o-, = 1.49) or 60 ,um (a-, = 3.76). The flbers have been activated with neutron
irradiation. Ofthe several resulting radionuclides, 65Zn appeared to be the most suitable for long-term
clearance studies by use of in ivo whole body radioassay techniques.
A fluidized bed aerosol generator has been developed to expose rats by "nose only" inhalation to
approximately 500 fibers/cm3. The generator and exposure system permits reuse of fibers which pass
through the exposure chamber and produces no significant alteration of the fiber size distribution.
Ratswereexposedbyintratrachealinstillations to20mgofthelongerfibersandtoequalnumbers(2mg)
andequal mass(20mg)oftheshorterfibers.Throughapproximately 19weekslittledifferencewasobserved
in the whole rat clearance rate of long versus short fibers in the initial exposure group. Histopathology,
however, showed differences at this time with the short fibers apparently successfully phagocytized by
alveolar macrophages and cleared to the lymph nodes, while the long fibers were not.
Introduction
Glass fibers have been shown to induce malignant
mesothelioma when introduced directly into the
pleural cavity ofrats (1). Suspensions ofglass fibers
have also produced pulmonary fibrosis when in-
stilled into the trachea (2). These studies indicated
that such tissue-damaging reactions to fibers may be
primarily a function of their geometry, with long
(>20gm), thin (<2,um)fibersthought tobethe most
reactive and shorter (<5 u.m) fibers less active or
inactive. However, the studies above, along with
most other studies on biological effects of fibers,
have used fibers with broad particle size distribu-
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tions with respect to both length and diameter. In
addition, the modes of administration bear little re-
semblance to the way man is exposed, leaving some
doubt as to which properties ofthe fibers caused the
fibrosis and mesothelioma.
To better characterize the health effects of fiber
glass, astudyhasbeenimplementedtodeterminethe
deposition, translocation, and ultimate fate offibers
ofdefined size distributions, when introduced into
the respiratory tract of rats. The glass fibers have
known size distributions with a geometric mean di-
ameter of 1.5 ,um and a length ofeither 5 or 60 ,um.
The rats have been exposed to these fibers by intra-
tracheal instillation of aqueous suspensions and by
"nose only" inhalation exposure. While it is recog-
nized that intratracheal instillation bears little re-
semblance to the way man is exposed, the tech-
niques of inhalation exposure ofglass fibers in this
study are considerably more complex. Therefore,
intratracheal instillation wasused as aninitial step in
February 1980 47Table 1. Manufacturers' fiber size characterization.
1.5 x 5 um 1.5 x 60,um
Diameter, Length, Diameter, Length,
,um ,um Jim ,um
Average 2.08 6.0 1.94 50.8
Geometric mean 2.06 5.7 1.91 43.9
Median 2.08 5.7 1.87 56.0
Standard deviation 0.29 1.8 0.35 24.7
Minimum 0.73 2.0 0.93 5.7
Maximum 3.02 15.2 3.63 224.5
N 600 600
studying the health effects of known quantities of
glassfibersdeposited inthelungs ofrats. Inaddition,
exposing the animals by both methods affords an
opportunity to evaluate the relative merits of intra-
tracheal instillation as compared to nose exposure.
Table 2. Size characterization from fiber study.
Geometric Geometric
N mean SD
250 5.1 1.49
500 54 3.76
This report describes the methods and techniques
developed forboth routes ofexposure, and presents
the clearance data and histological results from the
intratracheal instillation exposure.
Materials and Methods
Glass Fibers
Thefibers, manufactured by JohnsManville, Inc.,
were either 1.5 x 5 ,um or 1.5 x 60 ,um in size. The
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FIGURE 1. Length distributions of the 1.5 x 5 ,um and 1.5 x 60 ,um glass fibers.
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48procedure involved first machining a single die to
produce a fiber of 1.5 ,um diameter. After a continu-
ous strand was threaded through a seriesofchannels
in an acrylic block, the channels were embedded
withmethacrylate, and the blockcutonamicrolathe
to various lengths. The acrylic was then dissolved
away with methyl ethyl ketone. Residual contami-
nants were removed by low temperature ashing,
followed by further washing of the fibers.
The size distributions of the fibers were deter-
mined by the manufacturer by measuring the length
and diameter of 600 fibers in each size group. The
length size distributions were confirmed in ourlabo-
ratory to ensure that no breakage offibers occurred
in transportation or handling. The results of these
measurements are summarized in Tables 1 and 2.
While the length size distributions are not monodis-
perse, Figure 1 shows that they do not overlap sig-
nificantly.
Animals
These studies were conducted with male Fisher
344rats purchasedfrom Microbiological Associates.
The animals were approximately 10 weeks old at the
time of exposure. They were housed in wire cages,
allowed food and water ad libitum, and maintained
on a 12-hr light cycle at 22 + 2°C, 50% RH.
Methods
To quantitate the deposition and clearance of the
fibers in the rats the fibers were neutron-activated
for 18 hr at a flux of -1 x 1014 neutrons/cm2/sec.
Afterthe activatedfibers decayedforapproximately
12weeks, the longer- lived radionuclides 65Zn, 60Co,
152Eu, 46Sc, and 124Sb remained. Ofthese 65Zn was
determined to be the best tracer for the fibers.
Leaching studies in saline at 37°C for 24 hr indicated
that cobalt is readily removed from the fibers.
The isotopes present in the fibers were assayed by
y-ray spectroscopy. The detection system consists
oftwo 6 x 3 in Nal (TI) scintillation crystals multi-
Table 3. Elemental composition of glass fibers
(Johns-Manville Batch JM-753 Glass).
Major Components Content, %
SiO2 63.2
B203 5.4
A1203 5.5
Fe2O3 0.1
Na2O 14.8
K20 1.1
CaO 6.0
MgO 3.1
F2 0.7
S03 0.2
Table 4. Isotopes detected by instrumental neutron
activation analysis 10 days after irradiation
using Ge(Li) detection system.
Isotope Isotope half life
Sodium-24 15.0 hr
Bromine-82 35.3 hr
Lanthanum-140 40.2 hr
Gold-198 2.7 d
Calcium-47 4.5 d
Lutetium-177 6.7 d
Chromium-51 27.7 d
Cerium-141 32.5 d
Hafnium-181 42.4 d
Iron-59 44.6 d
Antimony-124 60.2 d
Strontium-85 65.2 d
Scandium-46 83.8 d
Zinc-65 243.7 d
Cesium-134 2.06 yr
Cobalt-60 5.3 yr
Europium-152 13.0 yr
plexed into a Tracor Northern 1705 multichannel
analyzer. The spectra are stored on magnetic tape
and the relative amounts ofeach radionuclide in the
fibers determined with the aid of the computer pro-
gram PARANA (3, 4) (Pulse Height Analyses for
Radionuclide Assay) which performs least squares
regression ofthe multicomponenty-ray spectra. The
major components of the glass fibers as determined
by the manufacturer and the isotopes detected by
instrumental neutron activation analysis are listed in
Tables 3 and 4, respectively.
Intratracheal Instillation Exposure. A proce-
dure for the pulmonary instillation of particle sus-
pensions was developed for use in this laboratory.
The procedure involves anesthesia of the animal,
followed by depression of the tongue and illumina-
tion of the deep pharynx with a fiberoptic laryngo-
scope. A bevelled Teflon tube is inserted into the
trachea to a leveljust cephalic to the first bronchial
bifurcation. Injection ofthe material to be delivered
is rapid via a No. 19 gauge hypodermic needle in-
serted directly into the tracheal tube.
Four groups of rats were instilled with fibers as
outlined in Table 5.
Rats in group 2 thus were given approximately the
same number offibers as rats in group 1 and rats in
Table 5. Instillation of fibers.
Fiber size,. Amount, Saline,
JAm F FF FFFFmg cm3
GroupI 1.5 x 60 20 0.5
Group2 1.5 x 5 2 0.5
Group 3 1.5 x 5 20 0.5
Group 4 - 0.5
February 1980 49group 3 were given the same weight offiber glass as
those in group 1.
Initially 4 rats/group were instilled with activated
fibers and sacrificed 18 to 20 weeks after exposure.
An additional 30 rats/group were then instilled with
similar doses offibers with serial sacrifices of4 rats/
group beginning at 6 months and extending through
two years. Finally, to ensure that any long-term ef-
fects are a result of the fibers and not the small
amount of radioactivity present in them, an addi-
tional 50 rats/group were instilled with nonactivated
fibers.
Inhalation Nose Exposure System. Because of
the elaborate process involved in manufacturing the
fibers to size, only a few grami -ire available for all
the exposures in this study. rience special tech-
niques had to be developed to generate high concen-
trations of fibers in the exposure chamber without
breaking the fibers and to conserve the amount of
fibers that were available.
A miniature fluidized bed aerosol generator and a
specially designed exposure chamber shown in Fig-
ure2weredeveloped. Thefiberswereultrasonicated
inethyl alcohol anddepositedon aTeflonfilteratthe
bottom of a glass tube (d = ½2 in.). The tube was
vibrated, as an airstream was passed up through the
filter, creating a fluidized bed of fibers from which
individual fibers became airborne. The fiber/air-
stream was directed through a 85Kr charge neutral-
izerand intothe exposure chamber. The highly polar
nature ofthe glassfibers necessitated apretreatment
with successively nonpolar solvents beginning with
ethyl alcohol, methyl ethyl ketone, and finally pe-
troleum ether. This treatment is performed on the
fibers in the fluidized bed generator directly before
exposure.
The rats were exposed four at a time for 1 hr at a
concentration of ca. 500 fibers/cm3 of air. To con-
serve fibers, the generator was operated in cycles of
1 min on and 40 sec off, with the settling time ofthe
airborne fibers being sufficiently long that little loss
occurred by deposition during the off time. The fi-
bers passing through the chamber were collected on
a Teflon filter. These fibers were washed as de-
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FIGURE 2. Schematic representation offiber generation and exposure system.
Environmental Health Perspectives 50scribed above and kept for reuse. The size distribu-
tion ofthese fibers has been found to be not signifi-
cantly different from that of the original fibers
(Mann-Whitney Statistic, p < 0.05).
Necropsy. The necropsy procedure for the rats
involved anesthesia followed by exsanguination via
the descending abdominal aorta. The lungs were
thenperfusedin situ with heparinized isotonic saline
throughthepulmonary artery, removed, andinflated
via an endotracheal tube with glutaraldehyde vapor
(20cm water); and then infused withglutaraldehyde
fixation solution through the pulmonary vasculature
(20 cm water).
After fixation, the lymph nodes, thymus, and
adipose tissue were resected. In addition, the dia-
phragm, gastrointestinal tract, liver, spleen, kidney,
brain, and femur were removed for histological ex-
amination and autoradiography to determine the
presence of fibers in these tissues.
Tissues were embedded in paraffin, sectioned (6
,um), mounted on a glass slide, and stained with
either hemotoxylin and eosin or Trichrome Blue.
The refractive index of the fibers is such that the
fibers are invisible in the standard Permount mount-
ingmedia. When mounted in glycerin, however, the
fibers are visible by light microscopy.
Autoradiography. An autoradiographic (ARG)
techniquewasadoptedforuse inlocalizingthefibers
inthe tissues. While it is usually easy to locate large
quantities offibers in the lung, the ARG procedure
greatly enhances detection of smaller numbers of
fibers in other tissues. The beta particles emitted
from the radionuclides in the activated fibers are
sufficient to expose in one week's time a Kodak
NTB-3 emulsion which has been coated on the his-
tological sections. Single activated fibers were
clearly identifiable under the exposed emulsion, as
seen in the lung section in Figure 3.
Results
Clearance of Glass Fibers
As noted above, cobalt was the only radionuclide
found in the supernatant fraction after the fibers
were subjected to a saline leaching procedure. From
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FIGURE 3. Autoradiography ofglass fibers (3 x 10 ,um) in histological section of rat lung.
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51the nuclide clearance data and the leaching data, at
least two different subsets of tracer nuclides were
postulated to be present in the fibers: those securely
bound to or in the fibers that would serve as good
tracers for the fibers in the rat and those readily
removed from the fibers.
The statistical method of factor analysis (5) was
applied to the clearance data for the five radio-
nuclides to test this hypothesis. Two independent
factors were derived from the data, as can be vis-
ualized in Figure 4, with the horizontal axis repre-
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FIGURE 4. Graphical representation of factor analysis results
(factor loading).
senting factor 1 (fiber tracers) and the vertical axis
representingfactor2(the surface leachable contami-
nants). Cobalt stood alone as a leachable contami-
nant, andtheremainderoftheradionuclides(Zn, Eu,
Sc, and Sb) were all ofnearly equal value as tracers
forthe fibers themselves. Ofthe elements that were
goodtracersforthefibers, zincexhibitedthehighest
activity and was therefore used as a representative
tracer for fiber clearance.
Theglassfiberclearance curvesforeachgroupare
shown in Figure 5. The relative activityofzinc (nor-
malized to the maximum observed value for each
animal) was plotted as a function oftime (days) for
GRROUPGO
1.5 x5 Lm-20 mg
GROUP I[
4:
1.5x $
GROUP I
5 ELm-2 mg
1.5x60 ELm-20 mg
FIGURE 5. Clearance ofglass fibers following intratracheal instillation.
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52each exposure group withthe day ofexposure desig-
nated as day one. The clearance halftimes for each
group as estimated by a one component exponential
model and the percent of the initial dose which re-
mained at sacrifice (- 114 days) are given inTable 6.
An analysis of variance for repeated measures was
performed to test whether the clearance curves dif-
fered significantly from one another. The results in-
dicated that groups 1 (1.5 x 60Am, 20mg) and 3 (1.5
x 5 ,um, 20 mg) were not significantly different from
one another, but that group 2 (1.5 x 5 ,um, 2 mg)
showed a small but significant difference (p < 0.05)
from groups 1 and 3.
Fiber Translocation and Histological Results
The histological results reported here were from
onepoint intime (17-19weeks). There were four rats
per group. It is important to note that no definite
statement can be made about the progression ofany
ofthe pathological changes observed, only that they
existed at that point in time. The histological sec-
Table 6. Estimates of fiber glass clearance
(zinc used as a tracer).
Half times, % remaining
Exposure one component, at ca. 114 days
group days (mean ± S.E.)
Group I
20 mg, 1.5 x 60 jm 35.0 16.3 ± 1.2
Group II
2 mg 1.5 x 5,um 22.5 14.3 ± 7.8
Group III
20 mg, 1.5 x 5 ,um 38.5 14.8 ± 1.6
tioning of thin sections (6 um) often results in the
illusion that the fibers are in one plane or that they
are shorter than would be expected. Microscopic
examination ofthick sections reveals that the fibers
are, in general, randomly oriented.
The long fibers (1.5 x 60 am, 20 mg) caused the
development of numerous, sharply demarcated,
relatively large, foreign body granulomata, with
numerous giant cells and fibers (Figs. 6 and 7). Most
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FIGURE 6. Foreign body granulomata in lung; 20 mg, 1.5 X 60 ,um exposure group, 139 x.
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FIGURE 7. Giant cell; 20 mg, 1.5 x 60 ,um exposure group, 239 X.
FiGURE 8: 1.5 x 60 jum fiber partially engulfed by macrophages, 239 x.
Environmental Health Perspectives 54FIGUREX9. Fiber-laden macrophages; 20 mg, 1.5 x 5-~.m exposue- gu 16
FIGURE 9. Fiber-laden macrophages; 20 mg, I.S x 5 ,um exposure group, 116 x.
FIGURE 10. Tightly packed aggregates of 1.5 x 5 Am fibers in lymph nodes; 20 mg exposure group, 239 x.
February 1980 55of the fiber burden appeared to lie within these
granulomas, with few fibers seen elsewhere in the
distal lung. One of the four animals showed a very
much milderprocess thanthe otherthree. There was
no fibrosis. No long fibers were seen totally phago-
cytized by macrophages although a few were ob-
served partially phagocytized (Fig. 8). No 60 ,m
fibers were observed in the lymph nodes, although a
few smaller fibers were observed.
Short fibers (1.5 x 5 ,um) at the 2 mg dose pro-
duced relatively little alteration in three of the rats,
and a mild mononuclear (macrophage) response in
the fourth rat. Most of the fibers appeared to lie
within the macrophages both in the lung and in the
lymph nodes where they occurred in tightly packed
clusters.
Shortfibersatthe20mgdoseproducedaspectrum
of alterations with differences between the rats.
There were large numbers offiber-laden interalveo-
larmacrophages. There were small linear and irreg-
ular nodular aggregates of fiber-filled mononuclear
phagocytes layered along and enclosed within al-
veolar, respiratory bronchiolar, and alveolar duct
walls (Fig. 9). There was no fibrosis. Fibers reached
the lymph nodes in large numbers where they could
be seen within macrophages. These macrophages
wereobservedintightlypackedaggregates (Fig. 10).
Discussion
At 17-19weeksafterexposure, themajorresponse
to the short fibers was to produce macrophage
aggregations in the alveoli and lymph nodes. These
macrophages contained numerous glass fibers. Ex-
cept for a few, small, relatively well defined granu-
lomas in the 20 mg group, the 2 mg group produced
similarbut proportionately less response than the 20
mg group.
The response to the longfibers wasnotably differ-
ent. No long fibers were observed in the lymph
nodes. It appears that the long fibers did not break
extensively. Only a very few pieces of shorter fiber
were seen in the lymph nodes; ifextensive breakage
ofthe fibers had occurred it is postulated that many
more fibers should have been observed.
Few, ifany, fibers were found bylight microscopy
outside the respiratory tissues. The whole rat clear-
ance datawould therefore be agood measure oftotal
respiratory (lung and lymph node) clearance. Even
though there was an apparent difference in mac-
rophage response to the long versus short fibers, no
difference was observed in the total respiratory
clearance. This may have been due to the fiber de-
tection system being insensitive to fiber transloca-
tion between lung and lymph nodes.
Conclusions
The development of suitable techniques enabled
rats to be exposed to glass fibers of defined size by
intratracheal instillation and by inhalation (nose) ex-
posure.
Through 17-19weeks, there was little difference in
the whole rat clearance rates of long versus short
fibers after exposure by intratracheal instillation.
The histopathology, however, showed differences at
this time in the rat's response to the long and short
fibers. The short fibers were successfully phago-
cytizedbyalveolar macrophages andwerecleared to
thelymph nodes, while the longfibers were not. The
long fibers produced a granulomatous response with
giantcells thatwas acharacteristic response to many
types of foreign bodies.
These studies are continuing with serial sacrifices
to be performed at intervals over the rats' lifespan.
The progressions ofthe lesions observed at this time
and the further translocation of the glass fibers will
betterbe evaluated with the subsequent results from
this study.
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56 Environmental Health PerspectivesComments on "Experimental Ap-
proaches for Exposure to Sized
Glass Fibers"
William E. Smith (Fairleigh-Dickinson Univ., Madison, N.J.
07940): We have carried out experiments with glass fibers in-
jectedintothepleural space ofhamsters. Notumorswereinduced
by ordinary insulation-grade fibers about 5 tm in diameter. We
have gotten tumors with fibers 1 to 1.5,um in diameter, but only
when we used relatively long fibers. With these very thin fibers,
we got tumors with preparations containing more than 30%o of
fibers longer than 20 jum. We got no tumors with preparations in
which only about 2% offibers were longer than l0,um.
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